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pUWpNHN� FV|NNHQWKHWLN�� $]� DODFVRQ\� S+� Q|YHNHGpVW� JiWOy� KDWiVD� D]�

LURGDORPEyO�LV�LVPHUW�DGDW��

� -y� HUHGPpQ\W� NDSWXQN� D�3LNQLN� IDMWiYDO� NHUHV]WH]pVL� SDUWQHUNpQW�

IHOKDV]QiOYD��D]�)��KLEULGHN�HOOHQiOOy�NpSHVVpJpW�MDYtWRWWD��
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���gVV]HIRJODOiV�

�

� 9L]VJiODWDLPDW� D� 3DQQRQ� $7(�� PDMG� 9HV]SUpPL� (J\HWHP�

*HRUJLNRQ�0H] JD]GDViJWXGRPiQ\L� .DUiQ� YpJH]WHP� D� .HUWpV]HWL� pV� D�

1|YpQ\NyUWDQL� pV� 1|YpQ\YLUROyJLDL� 7DQV]pN� N|]|WWL� HJ\�WWP N|GpV�

NHUHWpEHQ��

�

� 'ROJR]DWRPEDQ� D]� $OWHUQDULD� DOWHUQDWD�� PLQW� NyURNR]y� pO � pV�

pOHWWHOHQ� N|UQ\H]HWpQHN� KDWiVDLYDO�� D� SDUDGLFVRPDODN~� SDSULND� IDMWiN�

PDJKi]SHQpV]HGpVpQHN� RNDLYDO�� pV� D� PHJROGiV� OHKHW VpJpYHO�� D�

UH]LV]WHQV� IDMWiN� QHPHVtWpVpYHO� IRJODONR]WDP�� 0XQNiPEDQ� D]� ����� ��

������ pYHN� HUHGPpQ\HLW� IRJODOWDP� |VV]H�� $� WpPD� NLYiODV]WiViW� D�

SDUDGLFVRPDODN~�SDSULND�PDJKi]SHQpV]HGpVpQHN�HOWHUMHGWVpJH��D�IHUW ]pV�

HVHWHQNpQWL�PDJDV�HO IRUGXOiVD�pV� D�NpPLDL�YpGHNH]pV�KDWpNRQ\ViJiQDN�

KLiQ\RVViJDL�LQGRNROWiN��

� &pOXQN� YROW� ~M�� D� EHWHJVpJUH� NHYpVEp� IRJpNRQ\�� QDJ\�

WHUP NpSHVVpJ � SDSULND� YRQDODN� NLDODNtWiVD�� D� Q|YpQ\� pV� D� NyURNR]y�

NDSFVRODWiQDN�IHOGHUtWpVH��

� 9L]VJiODWRNDW� YpJH]WHP� D]� $OWHUQDULD� DOWHUQDWD� JRPED� iOWDO�

WHUPHOW� WHQWR[LQ�QDN� D� SDSULND� FVtUDQ|YpQ\HN� NORURILOO� WDUWDOPiUD�

J\DNRUROW� KDWiViYDO� NDSFVRODWRVDQ�� $� WR[LQ� iOWDO� RNR]RWW� W�QHWHN�

KDVRQOyDN�D�WHUPpV]HWHV�IHUW ]pV�VRUiQ�NLDODNXOy�W�QHWHNKH]�pV�H]�DODSMiQ�

D� WR[LQ� YDJ\� D� JRPED� WLV]WD� WHQ\pV]HWHL� EL]RQ\RV� NRUOiWR]iVRNNDO�

IHOKDV]QiOKDWyN� D� SDSULND� FVtUDQ|YpQ\HN� $OWHUQDULD� DOWHUQDWD�YDO�

V]HPEHQL� HOOHQiOOyViJiQDN� HOOHQ U]pVpUH�� (QQHN� DODSMiQ� FVtUDQ|YpQ\�

NRUEDQ� HOYpJH]KHW �� D]� $OWHUQDULD� DOWHUQDWD�UD� IRJpNRQ\� SDSULND�
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Q|YpQ\HN�NLV] UpVpW�OHKHW Yp�WHY �PyGV]HUW�GROJR]WXQN�NL��

� 0HJYL]VJiOWDP�D�SDSULNDERJ\yN�SUpVQHGYpQHN�S+�pUWpNH��FXNRU���

pV� V]iUD]DQ\DJ� WDUWDOPD� pV� D� ERJ\yN� PDJKi]SHQpV]HGpVpQHN� PpUWpNH�

N|]|WWL�NDSFVRODWRW��

� (OHPH]WHP� D� SDSULND� ERJ\yN� PDJDVViJiQDN� DODNXOiVD� pV� D�

ERJ\yIHUW ]|WWVpJ�PpUWpNH�N|]|WWL�NDSFVRODWRW��D]�HJ\HV�SDSULND�YRQDODN��

IDMWiN�WHUP NpSHVVpJpQHN�DODNXOiViW��

� 9L]VJiODWRW�YpJH]WHP�D�V]�O N�pV�)��KLEULGMHLN�IRJpNRQ\ViJiQDN�

PpUWpNpYHO�NDSFVRODWRVDQ��

� $]� HUHGPpQ\HNHW� WiEOi]DWRNED� UHQGH]WHP�� iEUiNNDO�� IRWyNNDO�

V]HPOpOWHWWHP��$�IHOGROJR]iV�VRUiQ��DKRO�D]�HUHGPpQ\HN�OHKHW Yp�WHWWpN��

VWDWLV]WLNDL� PyGV]HUHNHW� LV� DONDOPD]WDP�� D]� pUWHNH]pV� HONpV]tWpVpKH]�

V]iPtWyJpSHW�YHWWHP�LJpQ\EH��

� 0XQNiQN� VRUiQ� QDJ\� V]iP~� $OWHUQDULD� DOWHUQDWD� L]ROiWXPRW�

WDUWRWWXQN� IHQQ�� pV� H]HN� VHJtWVpJpYHO� YpJH]W�N� D� YL]VJiODWRNDW��PHO\QHN�

VRUiQ� W|EE�� D� PDJKi]SHQpV]UH� NHYpVEp� IRJpNRQ\� SDSULND� JHQRWtSXVW�

VLNHU�OW� NLV]HOHNWiOQXQN�� (]HN� HJ\LNH� �����EHQ� 3LNQLN� QpYHQ� iOODPL�

PLQ VtWpVW� NDSRWW�� $� IDMWD� ERJ\yLEDQ� D� SHQpV]HV� PDJKi]� HO IRUGXOiVD�

QHP�pUL�HO�D�����RW��

�

� $]�HOYpJ]HWW�PXQND�DODSMiQ�D]�DOiEEL�HUHGPpQ\HNHW�HPHOM�N�NL��

�

$� NyURNR]yYDO� YpJ]HWW� W|EEOpSFV V�� PHVWHUVpJHV� LQRNXOiFLyQ�

DODSXOy� V]HOHNFLy� VHJtWVpJpYHO� D� PDJKi]SHQpV]� HOOHQL� UH]LV]WHQFLiUD�

QHPHVtWpV�~M�PyGV]HUpW�GROJR]WXN�NL��
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$� SDSULNDWtSXVRN� PRUIROyJLDL� WXODMGRQViJDL� DODSMiQ� YpJ]HWW�

V]HOHNFLy�|QPDJiEDQ�QHP�HOHJHQG �HOOHQiOOy�JHQRWtSXVRN�V]HOHNWiOiViUD��

$� QHP� JD]GDVSHFLILNXV� WHQWR[LQ� IHOKDV]QiOKDWy� FVtUDNRUL�

V] U YL]VJiODWRNEDQ�� $� FVtUDNRUEDQ� YpJ]HWW� V] U YL]VJiODWRN�

ODERUDWyULXPEDQ� pYV]DNWyO� I�JJHWOHQ�O� HOYpJH]KHW N�� pV� W|EEV]|UL��

HJ\PiV� XWiQ� YpJ]HWW� WHV]WHOpVVHO� QDJ\V]iP~� Q|YpQ\HJ\HG� YL]VJiODWiUD�

Q\tOLN� OHKHW VpJ�� $]� $OWHUQDULD� DOWHUQDWD� L]ROiWXPRN� ������iEDQ�

iOODStWRWWXN� PHJ� �����EDQ� D� WHQWR[LQ� WHUPHOpVW�� $]� DQDOtWLNDLODJ� WLV]WD�

WHQWR[LQQDO� YpJ]HWW� NH]HOpV� KDWiViUD� D]� $OWHUQDULD� DOWHUQDWD� WLV]WD�

WHQ\pV]HWHN�iOWDO�NLYiOWRWW�W�QHWHNKH]�KDVRQOy�W�QHWHNHW�NDSWXQN��

$�WiSWDODM�|VV]HWpWHOH�pV�S+�MD�EHIRO\iVROMD�D�JRPED�Q|YHNHGpVpW��

IHMO GpVpW�� $� WiSWDODM� DODFVRQ\� FXNRUWDUWDOPD� IRNR]WD� D� VSRUXOiFLyW�� $�

QLWURJpQ�IRUUiVNpQW� DONDOPD]RWW� DPPyQLXP�QLWUiW� MHOHQW VHQ� JiWROWD� D�

JRPED�Q|YHNHGpVpW��89�EHVXJiU]iV�KDWiViUD�FV|NNHQW�D�JRPED�YHJHWDWtY�

PLFpOLXPiQDN�Q|YHNHGpVH��XJ\DQDNNRU�IRNR]yGRWW�D�VSRUXOiFLy��

$�SDSULNDERJ\yN�DODFVRQ\� FXNRUWDUWDOPD�QDJ\REE�HOOHQiOOyViJRW�

HUHGPpQ\H]�D�NyURNR]yYDO�V]HPEHQ��

$� NHYpVEp� IRJpNRQ\� 3LNQLN� IDMWD� NHUHV]WH]pVL� SDUWQHUNpQW�

IHOKDV]QiOKDWy��MDYtWMD�D�KLEULGHN�HOOHQiOOyViJiW��

�

� $]�iOWDOXQN�V]HOHNWiOW�JpQDQ\DJ�OHKHW Yp�WHV]L�D�WRYiEEL�QHPHVtW �

PXQNiW��PHO\QHN�FpOMD�PDJKi]SHQpV]�HOOHQiOOy�KLEULGHN�HO iOOtWiVD��
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6XPPDU\�

�

7KH�UHVHDUFK�ZRUN�ZDV�PDGH�LQ�FRRSHUDWLRQ�RI�WKH�'HSDUWPHQW�RI�

3ODQW�3DWKRORJ\�DQG�3ODQW�9LURORJ\��DQG�WKH�'HSDUWPHQW�RI�+RUWLFXOWXUH�

DW�8QLYHUVLW\�RI�9HV]SUpP��*HRUJLNRQ�)DFXOW\�RI�$JURQRP\��

,� VWXGLHG� WKH� HIIHFWV� RI� HQYLURQPHQW� RI� $OWHUQDULD� DOWHUQDWD�

SDWKRJHQ� IXQJXV�� UHDVRQV� RI� IUXLW� URW� RI� VZHHW� SHSSHU�� SRVVLELOLW\� RI�

VROYLQJ� WKH� SUREOHP�� EUHHGLQJ� QHZ� UHVLVWDQW� FXOWLYDUV�� 7KH� GLVVHUWDWLRQ�

VXPPDUL]HV� WKH� UHVXOWV� ZHUH� JRWWHQ� GXULQJ� ����������� 7R� VHOHFW� WKH�

VXEMHFW� RI� UHVHDUFK� DUHD�ZDV�PRWLYDWHG�E\� VSUHDGLQJ�RI�$OWHUQDULD� IUXLW�

URW�GLVHDVH�RI�WRPDWR�VKDSHG�SHSSHU��KLJK�LQIHFWLRQ�IURP�WLPH�WR�WLPH�DQG�

LQVXIILFLHQF\�RI�XVLQJ�IXQJLFLGHV��

2XU� JRDOV� ZHUH� EUHHGLQJ� RI� QHZ�� UHVLVWDQW� SHSSHU� FXOWLYDUV� DQG�

H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SHSSHU�DQG�SDWKRJHQ��

,� PDGH� H[DPLQDWLRQ� FRQQHFWHG� WR� SURGXFLQJ� WHQWR[LQ� E\�

$OWHUQDULD�DOWHUQDWD�DQG�LWV�HIIHFW�WR�FKORURSK\OO�FRQWHQW�RI�VHHGOLQJV�RI�

SHSSHU�� 6\PSWRPV� FDXVHG� E\� WKH� WR[LQ�ZHUH� YHU\� VLPLODU� WR� V\PSWRPV�

FDXVHG�E\�D�QDWXUDO�LQIHFWLRQ�RI�IUXLW�URW��8VLQJ�WKLV�REVHUYDWLRQ��WKH�WR[LQ�

RU� SXUH� LVRODWHV� RI� IXQJXV� PD\� XVH� WR� FRQWURO� WKH� UHVLVWDQFH� RI�

JHUPLQDWLQJ�SODQWV��%DVHG�RQ�WKHVH�WULDOV�ZH�ZRUNHG�RXW�D�QHZ�PHWKRG�RI�

WHVW�WKH�UHVLVWDQFH���

,� H[DPLQHG� WKH� FRQQHFWLRQ� EHWZHHQ� WKH� S+�� WKH� VXJDU� DQG� GU\�

PDWHULDO�FRQWHQW�RI�WKH�SHSSHU�IUXLW�MXLFH�DQG�WKH�GHJUHH�RI�LQIHFWLRQ��:H�

PDGH� ³LQ� YLWUR´� WULDOV�ZLWK�$OWHUQDULD� DOWHUQDWD� WR� FKHFN� WKH� HIIHFW� WKH�

VXJDU� IRUPV� DQG� FRQFHQWUDWLRQ�� QLWURJHQ� IRUPV� DQG� FRQFHQWUDWLRQ� RI�

PHGLD��



� ���

&RQQHFWLRQ�EHWZHHQ�IUXLW�OHQJWK�DQG�WKH�GHJUHH�RI�LQIHFWLRQ��FURS�

UHVXOWV�RI�WRPDWR�VKDSHG�SHSSHU�JHQRW\SHV�ZHUH�DOVR�H[DPLQHG��:H�DOVR�

PDGH�WULDOV�XVLQJ�GLIIHUHQW�SHSSHU�OLQHV�DV�SDUHQWV�DQG�WKHLU�SURJHQLHV�WR�

FKHFN�WKH�UHVLVWDQFH��7KH�UHVXOWV�ZHUH�WUHDWHG�E\�VWDWLVWLFDO�PHWKRGV��

:H� XVHG� GXULQJ� WKLV� UHVHDUFK� ZRUN� ORWV� RI�$OWHUQDULD� DOWHUQDWD�

LVRODWHV� DQG� SHSSHU� JHQRW\SHV�� 2QH� RI� WKHP� IURP� WKHVH� JHQRW\SHV� JRW�

VWDWH�TXDOLILFDWLRQ�RQ�QDPH�³3LNQLN´�LQ�������

�

1HZ�UHVXOWV�LQ�VFLHQWLILF�UHVHDUFK��

�

:H� ZRUNHG� RXW� D� QHZ� PHWKRG� WR� WHVW� WKH� UHVLVWDQFH� DJDLQVW�

$OWHUQDULD�IUXLW�URW�RI�SHSSHU��EDVHG�RQ�D�VHHG�LQIHFWLRQ�WHFKQLTXH��

:H� GHWHUPLQHG�� WKDW� PRUSKRORJLFDO� VHOHFWLRQ� LV� QRW� HQRXJK� WR�

EUHHG� UHVLVWDQFH� FXOWLYDUV�� :H� UHDOL]HG�� WKDW� WKH� WHQWR[LQ� FDQ� EH� XVHG�

VFUHHQLQJ� WKH� UHVLVWDQFH� RI� VHHGOLQJV� RI� SHSSHU� DQG� WKLV� NLQG� RI� WKH�

VFUHHQLQJ�FDQ�EH�PDGH�RQ�ODUJH�SRSXODWLRQ�LQ�ODEV�LQ�WKH�ZKROH�\HDU���

6FUHHQLQJ� WKH� $OWHUQDULD� DOWHUQDWD� LVRODWHV� LQ� ������ ZH� IRXQG�

������WHQWR[LQ�SURGXFHU�LVRODWHV�RI�WKHP��

:H� YHULILHG�� WKDW� WKH� FRPSRQHQWV� DQG� WKH� S+� RI�PHGLD� KDYH� DQ�

HIIHFW� RQ� JURZWK� DQG� VSRUXODWLRQ� RI� IXQJXV� ³LQ� YLWUR´��:H� GHWHUPLQHG��

WKDW�ORZHU�VXJDU�FRQFHQWUDWLRQ�PRGLILHV�WKH�VSRUXODWLRQ��,W�EHFRPHV�PRUH�

LQWHQVLYH��

1+ � 12 � DV�D�QLWURJHQ�VRXUFH�KDV�DQ�LPSHQGLQJ�HIIHFW�RQ�JURZWK�
RI�$OWHUQDULD�DOWHUQDWD��

89� UDGLDWLRQ� LQFUHDVHG� WKH� VSRUXODWLRQ� EXW� UHGXFHG� JURZWK� RI�

P\FHOLD���



� ���

/RZHU�VXJDU�FRQWHQW�LQ�SHSSHU�IUXLW�MXLFH�HIIHFWV�EHWWHU�UHVLVWDQFH�

DJDLQVW�WKH�SDWKRJHQ��

&XOWLYDU� ³3LNQLN´� XVLQJ� LQ� K\EULG� FRPELQDWLRQV� JLYHV� D� EHWWHU�

UHVLVWDQFH�LQ�SURJHQLHV��

�

�
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.|V]|QHWQ\LOYiQtWiV�

�

V]LQWH�N|V]|QHWHPHW�IHMH]HP�NL�PLQGD]RNQDN��DNLN�GRNWRUL�pUWHNH]pVHP�

HONpV]tWpVpEHQ�VHJtWVpJHW�Q\~MWRWWDN��

�

'U��6iULQJHU�*\XOD�DNDGpPLNXVQDN��D�GRNWRUL�SURJUDP�YH]HW MpQHN��

'U��)LVFKO�*p]iQDN��D�PJ��WXGRPiQ\�NDQGLGiWXViQDN��WpPDYH]HW PQHN��

DNL�QpON�O�H]�D]�pUWHNH]pV�QHP�NpV]�OW�YROQD�HO�LO\HQ�IRUPiEDQ��

'U��.RYiFV�-iQRVQDN��pGHVDSiPQDN��D�QHPHVtW L�SiO\iUD�LUiQ\tWiVpUW��D�

YL]VJiODWRN�VRUiQ�Q\~MWRWW�N|]UHP N|GpVppUW��

)HOHVpJHPQHN�pV� OHiQ\RPQDN� D�EpNpV�FVDOiGL� KiWWpUpUW�� DPL�D�Q\XJRGW�

DONRWy�PXQNiW�VHJtWHWWH��

'U�� )iUL� 0LNOyVQDN� pV� PXQNDWiUVDLQDN� D� WHQWR[LQQDO� NDSFVRODWRV�

YL]VJiODWRNEDQ�Q\~MWRWW�VHJtWVpJ�NpUW��

'U��1DJ\�3iOQDN��D�IL]LNDL�YL]VJiODWRN�HOYpJ]pVppUW��

3IHLIHU� =VX]VDQQiQDN� D� SDSULND� EHOWDUWDOPL� YL]VJiODWRNEDQ� YDOy�

N|]UHP N|GpVppUW��

&]LPRQGRU� ,PUpQpQHN�� D� ODERUDWyULXPL� PXQNiNEDQ� Q\~MWRWW�

VHJtWVpJppUW��

D�1|YpQ\NyUWDQL�pV�Q|YpQ\YLUROyJLDL�7DQV]pN�pV�D�.HUWpV]HWL�7DQV]pN�

GROJR]yLQDN�D�YL]VJiODWRN�HOYpJ]pVpKH]�Q\~MWRWW�PLQGHQ�VHJtWVpJ�NpUW��
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,URGDORPMHJ\]pN�

�

���$1'5È6)$/9<��$���������$�SDSULND�JHQHWLNiMD�pV�QHPHVtWpVH��,Q��

=$7<.Ï��/��3DSULNDWHUPHV]WpV��0H] JD]GDViJL�.LDGy��%XGDSHVW��

���������

���$121<0��������(QJHGpO\H]HWW�]|OGVpJIDMWiN��.HUWpV]HW�pV�V] OpV]HW��

��������������

���%$/È=6��6���������$�]|OGVpJIpOpN�V]iUPD]iVD�pV�FVRSRUWRVtWiVD��,Q��

%$/È=6��6��=|OGVpJWHUPHV]W N�Np]LN|Q\YH��0H] JD]GDViJL�

.LDGy��%XGDSHVW��

���%$/È=6��6��pV�),/,86��,���������=|OGVpJWHUPHV]WpV�D�Ki]LNHUWEHQ��

0H] JD]GDViJL�.LDGy��%XGDSHVW��

���%$51$��%���������0LNURELiOLV�WR[LQRN��,Q��e56(.��7��pV�+2512.��

/��.yURNR]yN�pV�D�IHUW ]|WW�Q|YpQ\��$NDGpPLDL�.LDGy��%XGDSHVW��

�������

���%$51$��%���������$�SDWRJpQ�JRPED�pV�JD]GDQ|YpQ\pQHN�NDSFVRODWD��

,Q��9$-1$��/��1|YpQ\SDWRJpQ�JRPEiN��0H] JD]GDViJL�.LDGy��

%XGDSHVW����������

���%$5726��$���������0DWHPDWLND�pV�V]iPtWiVWHFKQLND�,��$7(�.0.��

.HV]WKHO\��

���%È/,17��$���O�����$�Q|YpQ\QHPHVtWpV�DODSMDL��0H] JD]GDViJL�.LDGy��

%XGDSHVW��
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���%,776È16=.<��-���������3LDFRV�]|OGVpJIDMWiN��0H] JD]GDViJL�

.LDGy�.IW���%XGDSHVW��

����%,=$��.���������0DJ\DU�FVRGD��.HUWpV]HW�pV�V] OpV]HW���������������

����&22.��:��%���������7KH�(FRORJ\�RI�)XQJL��&5&�3UHVV��%RFD�5DWRQ��

)ORULGD��

����&58(*(5��:��pV�&58(*(5��$���������%LRWHFKQROyJLD��

$ONDOPD]RWW�PLNURELROyJLD��0H] JD]GDViJL�.LDGy��%XGDSHVW��

����&6(/ 7(,��/���������=|OGVpJWHUPHV]WpV��$JUiUWXGRPiQ\L�(J\HWHP�

0H] JD]GDViJWXGRPiQ\L�.DU��*|G|OO ��

����&6(/ 7(,��/���������=|OGVpJWHUPHV]WpV��,Q��&6(/ 7(,��/���

1<8-7Ï��6��pV�&6È.,��$��.HUWpV]HW��0H] JD]GDViJL�.LDGy��

%XGDSHVW����������

����&6,//e5<��*���������$�SDSULND�KLEULGHO iOOtWiV�NRUV]HU �IHOWpWHOHL�pV�

D�YiUKDWy�HUHGPpQ\HN��+DMWDWiV�NRUDL�WHUPHV]WpV������O���������

����&6,//e5<��*���������$�SDSULND�QHPHVtWpVH��,Q��62026��$��$�

SDSULND��0DJ\DURUV]iJ�.XOW~UIOyUiMD�����$NDGpPLDL�.LDGy��

%XGDSHVW���������������

����'È9,'��,���������$�NRQ]HUYLSDU�LJpQ\H�D�]|OGVpJIDMRNNDO�pV�

IDMWiNNDO�V]HPEHQ�D�Q\HUVDQ\DJHOOiWiVEDQ��+DMWDWiV�NRUDL�

WHUPHV]WpV��������������

����'206&+��.��+���*$06��:��DQG�$1'(5621��7���������

&RPSHQGLXP�RI�6RLO�)XQJL��$FDGHPLF�3UHVV��1HZ�<RUN��
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����(//,6��0��%���������'HPDWLDFHRXV�+\SKRP\FHWHV��&0,��.HZ��

6XUUH\��

����)$66$7,29È��2���������3HQpV]HN�pV�IRQDODVJRPEiN�D]�DONDOPD]RWW�

PLNURELROyJLiEDQ��0H] JD]GDViJL�.LDGy��%XGDSHVW��

����)È5,��0���������ÒM�OHKHW VpJ�D�V]|YHWWHQ\pV]WpV��,Q��9(/,&+��,��
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